INTRODUCTION {#sec1-1}
============

Hyperglycemia in the critically ill patient has been a topic of great debate in the 21^st^ century. Critical illness and/or injury disrupts the normal homeostasis of the body through alterations in autonomic and cytokine responses.\[[@ref1]\] Trauma-induced hyperglycemia is thought to be secondary to elevated levels of epinephrine, glucagon, and cortisol.\[[@ref2][@ref3]\] Views of this phenomenon as a protective response mechanism were brought into question by Van den Berghe *et al*. who showed that morbidity and mortality in the SICU could be reduced by intensive insulin control (IIT) (80--110 mg/dL).\[[@ref4]\] These results prompted multiple investigations evaluating the effects of IIT in other critically ill medical and surgical populations with varied results.\[[@ref3][@ref5]--[@ref10]\] Despite this lack of consensus, IIT has been proposed as the standard of care and endorsed as a level I recommendation by the Institute for Health Care Improvement.\[[@ref11]\]

While trauma patients are often mentioned as a subpopulation in larger reports, studies focusing on the outcomes of trauma patients undergoing IIT have been somewhat limited.\[[@ref4][@ref6]\] Outcomes of trauma patients following IIT protocols were compared to historical controls, with improved mortality in patients having fewer episodes of blood glucose greater than 150 mg/dL.\[[@ref12]\] However, two recent studies found that mortality remained unchanged or increased with the implementation of IIT.\[[@ref3][@ref7]\] Multiple studies have discovered independent associations between hyperglycemia and mortality, infectious co-morbidities, and length of stay in the hospital (HLOS) and intensive care unit (ILOS).\[[@ref1][@ref13]\] In addition, several authors have suggested a strong association between increased glycemic variability and increased mortality in critically ill patients.\[[@ref14][@ref15]\]

It remains unclear if IIT benefits trauma patients or if hyperglycemia is a marker for increased injury severity. Our objective was to evaluate the effect of a IIT protocol on trauma patients and to better characterize the patient populations which benefit from this intervention.

PATIENTS AND METHODS {#sec1-2}
====================

With approval of our institutional review board, we performed a retrospective cohort review of all trauma patients ≥18 years of age seen at our level I trauma center. Patient records were excluded for incomplete data. Patient records were separated into those admitted in the 48 months prior to (Pre-IIT) the implementation and the 48 months following (Post-IIT) the implementation of a IIT protocol in our unit. Changes in outcome measures were compared between the Pre-IIT and Post-IIT groups. Prior to initiating our IIT protocol, there was no specific blood glucose control protocol, and hyperglycemia was treated primarily with subcutaneous insulin, with overall target blood glucose of 80-200 mg/dL. The individual patient goal blood glucose range was determined by the trauma surgery attending and usually not initiated until blood sugars were noted to be consistently greater than 200 mg/dL. The IIT protocol calls for maintenance of blood glucose values between 80 and 110 mg/dL utilizing an insulin infusion standardized order set which is part of the ICU admission packet. Blood glucose levels were checked every 2 h by bedside blood glucose analyzer (Accucheck) and infusion titrated based on a nomogram to increase the rate of infusion and IV push insulin for values over 241 mg/dL. Blood samples were obtained from either capillary finger stick or arterial catheter samples. This protocol was utilized for all patients admitted to the intensive care unit (ICU). Patients were transitioned to sliding scale insulin with basal insulin administration upon discharge from the ICU. Demographic and outcome data gathered from these patients' records included: age, injury severity score (ISS), ILOS, HLOS, method of injury (blunt vs. penetrating), closed head injury (CHI), past medical history, admission glucose level (ADMglucose), average blood glucose levels (AVEglucose), single episode of hypoglycemia (Hypo 40) (glucose \<40 mg/dL), single episode of hyperglycemia (Hyper 200) (glucose \>200 mg/dL), and the primary outcome variable, in-hospital mortality. Glucose variability was also evaluated as the standard deviation of glucose values for the admission. A univariate and multivariate risk factor analysis was performed for mortality.

Potential confounders for mortality included age and severity of injury as depicted by ISS. These variables were included in a subgroup analysis. Stratification by age was then analyzed with groups consisting of patients aged 18--30, 31--40, 41--50, 51--60, and 60+. Patients were also stratified by ISS: mild (1--8), moderate (9--15), severe (16--24), and very severe (25+). Mortality was assessed and compared between the Pre-IIT and Post-IIT cohorts. A statistical analysis was applied to all data comparisons looking for significant changes in outcomes following IIT protocol implementation using the number cruncher statistical system (NCSS) software package version 2004 (NCSS, Kaysville, UT). Unpaired *t*-tests were performed on continuous data (summarized using means and standard error of the mean or median and range) and either χ^2^ or Fisher\'s exact tests were used when analyzing nominal qualitative data (summarized using counts and percentages). Differences were considered statistically significant at *P*\<0.05. A logistic regression model was used to evaluate IIT as a predictor of death independent of other potential factors based on univariate analysis with inclusion of factors with *P*\<0.1.

RESULTS {#sec1-3}
=======

Description of the study population {#sec2-1}
-----------------------------------

A total of 2028 trauma patients ≥ 18 years of age were admitted to the trauma intensive care unit over the 96-month period. There were 784 patients in the Pre-IIT group and 1244 in the Post-IIT group. Two patients in the Pre-IIT group had incomplete records without an ISS and were excluded leaving a total of 782. Demographic data are shown in [Table 1](#T1){ref-type="table"}.

###### 

Cohort demographics: age and ISS presented as mean ± SEM
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Outcome measures {#sec2-2}
----------------

The outcome measures used to judge the significance of the IIT protocol are shown in [Table 2](#T2){ref-type="table"}. Unadjusted mortality decreased significantly following IIT implementation, with a relative risk of mortality in the Post-IIT group of 0.68 (95% CI: 0.57--0.83).

###### 

Comparison of treatment outcomes: Pre-IIT vs. Post-IIT
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Effect of ISS {#sec2-3}
-------------

[Table 3](#T3){ref-type="table"} illustrates the differences in mortality seen Pre-IIT and Post-IIT, stratified by ISS. Mortality did not change significantly among the mildly injured. It did, however, decrease in those with moderate, severe, and very severe injuries.

###### 

Mortality comparison stratified by ISS
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Effect of age {#sec2-4}
-------------

Stratification of our data by age is shown in [Table 4](#T4){ref-type="table"}. The two youngest populations---those aged 18--30 and 31--40---failed to show statistically significant drops in mortality following IIT. However, our data provide strong evidence that the older populations aged 41--50, 51--60, and 61+ benefited from IIT implementation with regard to mortality. These differences were independent of ISS as seen in [Table 5](#T5){ref-type="table"}.

###### 

Mortality comparison stratified by decade of life
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###### 

ISS comparison stratified by decade of life
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Combined effect of age and ISS {#sec2-5}
------------------------------

After determining that patients benefited differently, based on both age and ISS, survival differences were determined based both on their severity of injury and by their age. Of the 782 Pre-IIT, 421 were between the ages of 18 and 40. The remaining 361 were aged 41 years and older. In the Post-IIT group (*n*=1,244), 574 were 18--40 years old and 670 were 41 or older. The results presented below \[[Table 6](#T6){ref-type="table"}\] show the percent decreases in mortality for these categories. This aggregate data demonstrate a significant improvement in mortality in the older cohort for moderate-to-very severely injured patients. In addition, a trend toward improved mortality can be observed in the combined \<40-year-old cohort overall.

###### 

Mortality comparison stratified by ISS designation and patient age being 18--40 years and 41+ years
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Effect on glycemic control {#sec2-6}
--------------------------

Mean glucose levels (mg/dL±SEM) decreased significantly after the institution of IIT (144.7±1.4 vs. 130.9±0.9; *P*\<0.001); however, glucose variability (mg/dL ± SEM) based on standard deviation of glucose values remained similar (30.74±0.7 vs. 29.33±0.5; *P*=0.061). In addition, the occurrence per patient of blood glucose levels less than 40 mg/dL increased (0.77% vs. 2.86%; *P*=0.001) and blood glucose levels greater than 200 mg/dL were similar (39.1% vs. 38.8%; *P*=0.892) in the Pre-IIT and Post-IIT groups, respectively. However, the AVEglucose, ADMglucose, glucose variability, and HYPER 200 values were significantly decreased in survivors in both the Pre-IIT and Post-IIT groups \[[Table 7](#T7){ref-type="table"}\].

###### 

Glucose variables stratified by Pre-IIT and Post-IIT: AVEGlucose and ADMGlucose presented as mean ± SEM

![](JETS-4-359-g007)

Univariate and multivariate analysis {#sec2-7}
------------------------------------

Univariate logistic regression analysis of the relationship of age, ISS, Pre-IIT, CHI, diabetes, COPD, CHF, CAD, cancer, ADMglucose, AVEglucose, hypo 40, hyper 200, and glucose variability to mortality showed a significant relationships (*P*\<0.1) between all variables and mortality except COPD and hypoglycemia \[[Table 8](#T8){ref-type="table"}\]. Multivariate logistic regression analysis, incorporating those variables with *P*\<0.1, showed that the odds ratio of mortality in the Post-IIT group was 0.754 (95% CI: 0.577--0.985) \[[Table 9](#T9){ref-type="table"}\].

###### 

Cohort demographics and glucose variables: Age, ISS, AVEGlucose, and ADMGlucose presented as mean ± SEM
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###### 

Multivariate analysis
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DISCUSSION {#sec1-4}
==========

Trauma-induced hyperglycemia has been hypothesized to be a protective mechanism of the body, providing increased substrate for metabolism in glucose-dependent tissues such as white blood cells, brain tissue, and smooth muscle. In 2001, this concept was brought into question by a landmark article from Van den Berghe *et al*.\[[@ref4]\] The origin of hyperglycemia in the acutely stressed patient is multifactorial and represents the influence of both endogenous and exogenous forces. In spite of often normal insulin levels, catecholamine, glucocorticoid, glucogon, and cytokine levels are all increased in the stressed patient.\[[@ref16]--[@ref19]\] The optimal treatment for this resultant hyperglycemia in trauma patients has been the subject of several investigations and continues to be a topic of great debate since the publication of the NICE-SUGAR trail results noting that trauma patients were a population which may benefit from IIT.\[[@ref5]\] Clearly in both our Pre-IIT and Post-ITT groups decreased AVEglucose, ADMglucose, glucose variability, and HYPER 200 are associated with survival.

IIT has become a standard practice in the ICU, although the patients who would benefit most from this therapy remain to be determined. The identification of these populations has become of greater importance after the Joint Commission and Accreditation of Health Organizations identified glucose control as a "core measure" in certain populations to decrease hospital-acquired infections.\[[@ref3]\]

Multiple investigators have noted that hyperglycemia at admission and during the hospital stay is associated with increased mortality.\[[@ref13][@ref20]\] Mean glucose concentration decreased from 145 to 130 mg/dL after the initiation of an IIT protocol in our study. These results are similar to the effects noted by Krinsley who noted that the average glucose levels in their subjects decreased from 152 to 131 mg/dL after instituting IIT.\[[@ref21]\]

The risk of hypoglycemia resulting from insulin therapy is the most common concern in the literature.\[[@ref4][@ref6][@ref8][@ref9][@ref22]\] In our study, the occurrence of hypoglycemia per patient, glucose \<40 mg/dL, increased from 0.77% to 2.86% with the institution of IIT. This indicates that IIT may be implemented with a limited, but real increase in the incidence of hypoglycemia. However, short- and long-term sequellae of hypoglycemia observed, such as seizure, headache, dysarthria, or impaired judgment, are very difficult to quantify.\[[@ref22]\] We did not observe an association between hypoglycemia and mortality which is consistent with a recent report by Mowery *et al*.\[[@ref23]\]

Debate exists over the need for IIT in patients outside of the ICU. Van den Berghe *et al*. noted in their mixed medical/surgical ICU evaluation of IIT that patients with ILOS \<3 days did not show a mortality benefit from IIT.\[[@ref21]\] In our study, stratification by ISS revealed that the mildly injured patients (ISS \<9) failed to confirm any mortality benefit from IIT, while the reverse was true for patients with ISS ≥ 9. With only 100 patients in the ISS \<9 group, our study is underpowered to reveal any significant effect in this grouping due to low expected mortality rate. Given this, IIT may provide a survival benefit for all traumatically injured patients.

One of the greatest criticisms of the 2001, Van den Berghe *et al*. article is that subsequent randomized controlled trials (RCTs) have failed to reproduce this mortality improvement.\[[@ref24]\] A recent meta-analysis of RCTs evaluating IIT noted a wide range in the mean age (46--75 years).\[[@ref24]\] Our data indicate a mortality benefit for patients over 40 years of age. Several of the studies that failed to show a mortality improvement had study populations with lower mean ages than did the original 2001 article, which could offer some explanation to the mixed results seen by many researchers trying to confirm the findings of the Van den Berghe *et al*. study.\[[@ref4][@ref20][@ref24]\] Two possible hypothesis for this difference would be an increased insulin resistance or decreased insulin production in critically injured patients at different ages.

As with all studies of a retrospective nature, our data have several limitations. One must consider if other changes in care protocols and guidelines over the time period studied may have influenced the outcome. Management of the critically ill patient is rapidly evolving with regular changes in treatment thresholds for acute respiratory distress syndrome, blood transfusions, infections, and shock. In a similar study design, Scalea *et al*. noted that hyperglycemia may be a result of less aggressive management by the attending trauma surgeon or patients who, in spite of aggressive glycemic management, are challenging to control.\[[@ref16]\] In addition, with any subgroup analysis, the power of the study must be considered based on the number of patients in each group. This may have limited our ability to demonstrate a difference in mortality in the younger age groups. Lastly, our IIT protocol used bedside glucose monitors to determine levels from both arterial and capillary blood samples. The accuracy of these glucose detectors compared to laboratory values was not calibrated. This could introduce a measurement bias into the study that is impossible to control for retrospectively. Although there are many potential confounding issues with this study design, the subgroup analysis demonstrates populations which IIT may lead to a lower mortality in trauma patients.

In conclusion, we found that IIT, resulting in glucose values with a mean of 130.9 mg/dL, was associated with decreased blood glucose values, mortality, and HLOS in trauma patients at our Level I trauma center. When controlling for age and ISS, we found IIT, lower average glucose value, and lower glucose variability are independent predictors of decreased mortality. Trauma patients over age 40 and those moderately, severely, or very severely injured showed the greatest reduction in mortality through the use of the IIT protocol. These findings, in addition to the NICE-SUGAR results, support the need for a randomized controlled trial to investigate the role of IIT in traumatically injured patients.
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